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(54) A method for quantitative determination of multi-drug resistance in tumours 



(57) The invention relates to a method for determin- 
ing, whether a cell of interest is resistant to an active 
substance to which it is exposed, e.g. during cancer 
chemotherapy. The method comprises the quantitative 



analysis of the expression of at least 5 ABC transporter 
genes within a sample, treated in the same manner us- 
ing a DNA micro-array. 
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Description 

FIELD OF THE INVENTIO N 



[0001] The present invention relates to a method for monitoring the development of cell n-ict™ • * 
stances to which they are exposed e a durina cancpr rhAm.th.,, development of cell resistance to active sub- 

S o-ev^^^^ -gs a soiution to the 

(I) to unravel multi-drug resistance functions (II , to retell cTrreLtf The t determined P atte ™ <* expression allows 
otherapy by a given drug, („,) to determine a ^ ,0 ^ ^ 

drug for patient treatment and (V) to monitor a oatient trLS Z ll .J J ^ '! I ^ ' nte^eS, • (,V) t0 Select an active 
well suited for the screening of ABC t^nZ^^r T* 9 " chemothera Py- The method is particularly 

so,id tumors for which ther^o^ W hernia o^ 



BACKGROUND OF INVENTION 



m^ o :r mor ce,is ' the — — - - 

^oJ?JS^^ - -cturany unre.ated cytotoxic 

II (Beck et al.. Ad* Enz. Requl 33 fl 993 ^ ZTnlf^rT * resistance includa d the topoisomerase 

(Morrow and Cowan, S IB ^SET!! ^IT' SUCh 38 the 9'^atione-S-transferases 

2 pathway (Reed. hLJSSS. C iSf 1 ^ aP ° Pt ° SiS ' lnV0,Vin 9 9 enes in * a Bcl- 

to cancer chemotherapy, with the MDR cel.^e S^IL^^SS?*" T 8 ,imteti ° n 
and loss of checkpoint control, that complicate furthe therapy MDR mav^nmSte S "° 33 9e " 0me inStabi,it y 
apeutic agents) or may be acquired after chemotherapy. * S '° (bef ° re eXp0SUre to <* a ™ther- 

[0005J Also, the over-expression of some ATP bindina cassette iARn « ran .. rf 

den Heuvel-Eibrink et a... ,nt J. Clin. Pharm. and Tner 38 (20o2) ^^SSS^T: With M ° R (Van 
family of membrane ATP-dependent active transnortPr^thi, O ho^ ! BC P rote,ns itself comprise a super- 

Genomlcs 64 (1 999 , 24 -31 ; ^^^ tT^^T^ U^T^T^ °" 
are composed of four structural domains two tran^mpmh ra „r^ 1 ( 6) " 273 - 275 ) Structurally, they 

end Hunke. FEMS Microbiol Rev 22 1 99^ J^^T k ^ ATp - h y d rolyzing domains (Schneider 

spanning he.ices. form the pa^ay ^ each consisting of six membrane- 

located atthe cytosolic faceof the membrane and SX^^ ^^2^2' 2 t™**^" 8 d ° malnS are 
transporters, regardless of the substrate specificity S TorM To1*ZT\ Itr?™ COnserved "~"9 ABC 

vl* r cuiar tran r rter is "^esc:^ The sub — 

[0006] The endogenous task of these proteins is to transport a wide varietv of diffemnT™?^ . 
branes. including amino acids, nucleotides, sugars, lipids peptidefT^ev oiL rn.!?i , , ,es across ce " ™"> 
secretion. antigen presentation, and bacteria, paLgenesi; nuSemuoTake Z ^ ^"e tranMon > P~teln 
activi.es of other Ion channels. Besides their'presence , ^^^^'S^S^T' a,S °^^ 
membranes of intracellular organelles such as the endoplasmic return IZT^ trans P orters are i" the 

[00071 At present, the human superfamily of ABC trans^^ and mitochondria, 

subfamilies. Details of the nomenclature scheme can be foundrt^tS^^ f ^ 9en6S or 9 anized 7 
gbgjjtml. which document is incorporated I. 1 1 in^ 

for some of them higher than 70% reference. The homology between those genes is high and 



aTclc^ J— d -,°Pe<. and extensive experimentation 

in this respect WO 01/36477 dSsS* 

peptides which interfere with correct transporter assemblv wo tra " a P°ters by exposing the cells to 

administration to a subject to be treated the JS^JS^^hTT". antag0nists of ABC P rota i" a 
£0009] Also a variety of studies for o ^ 

MDR1/ABCB1 and MRP1/ABCC1. Several tool have ^S^J^^^S^ °" 
cl.nical samples: (a) gene probes or primers allowing the evaluation of MDR1 a^HZ ^ 1 , 9 expression in 
the detect of P-g,ycoprotein. and (c) dyes for f undone, -dies of^^^ 
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J. of Clin. Invest. 29 (1999), 536-545; Efferth, Leukemia 13 (1999), 1627-1629). For gene expression, described meth- 
ods comprises Northern blots and RT-PCR at the tissue level and in situ hybridization at the cellular level. Schwarzen- 
bach proposes a multiplex RT-PCR in combination with nested PCR for quantitative analysis of mRIMA expression of 
MDR1 and MRP (Ann. Biochem. 308 (2002), 26-33). Recently, a quantitative real-time PCR determination of MDR1 
5 gene expression have been validated in 101 patients with acute myeloid leukemia (Olesen et al Eur. J. Haematol. 70 
(2003), 296-303). 

[001 0] However, all these methods are limited to only one or a few of the MDR proteins or genes did not proof suitable 
for monitoring MDR in a cell/a sample. 

[001 1] Another way to determine the development of resistance in a cell was proposed in US 2001/001 9846, wherein 
10 a functional method for quantitative in vitro determination of MDR cells is proposed. The method is based on the 
measurement of the accumulation rate of free calcein within the cells of the specimen, after exposing the cells in vitro 
to a cell permeable form of the calcein that is good substrate for MDR proteins present in the sample. However, also 
this method did not provide an overall assessment of the development of MDR in a cell. 

[0012] Another problem in dealing with the analysis of clinical material is its unpredictability. One is never sure at 
which time the sample will be available and the condition in which it will arrive (Kristan and Arya, Hematol. Oncol. Clin. 
N. Am. 16 (2002), 357-372). Considering the number of steps and personnel involved in moving a specimen from the 
patient to the laboratory and then its analysis, there is a high need to standardize the diagnostic protocol especially to 
control the storage and extraction of the sample and to include adequate controls that can be used to validate data on 
the clinical sample. 

[0013] At present, the use of MDR diagnosis for treatment of human cancer appears premature for the following 
reasons: (i) there is no agreed and uniform technique for the diagnosis of MDR, (ii) other mechanisms of resistance 
to any of the MDR drugs exist in tumors concurrently with MDR1 and contribute to clinical resistance. Despite intensive 
research efforts, both at the preclinical work and clinical trials, there is no definitive evidence that the diagnosis of 
MDR1 alone and modulation are of value in cancer treatment. These failures could point to the multi-factorial nature 
of drug resistance in refractory cells. So far, most of the studies were focused on the expression of the well characterized 
MDR1/ABCB1 and MRP1/ABCC1 genes. However the expression of these two genes by themselves is not sufficient 
for a correlation with clinical data. 

[0014] vThere is a need for a reliable tool for determining MDR in a sample, including other makers to obtain data 
which would be relevant to explain the clinical resistance of cells to drug treatment. 

[0015] High density DNA microarray assays have been used to identify new markers associated with phenotype 
resistance to Doxorubicin (Watts et al., J Pharmacol. Exp. Ther. 299 (2001), 434-441). Tumor cell resistance to doxo- 
rubicin is known to be often associated with the expression of the ABCB1 gene. The authors effectively found the 
ABCB1 gene to be over-expressed In the resistant cells. They also found changes In the genes associated with apop- 
tosls. Tbe limitation of high density micro-arrays is the loose quantification of the genes and they mostly detect the 
35 highly differentiated expressed genes. 

[0016] The Invention proposes a new method for. the determination of the presence of MDR based on the determi- 
nation of the expression profile of at least 5 ABC genes on low density quantitative micro-array. 
[0017] The array considered may comprises essentially all members of the ABC superfamily including the 3 main 
ABC genes (ABCB1 , ABCC1 and ABCG2) known to be involved in multi-drug resistance. The function of most of the 
ABC genes remain to be unravelled so far. It is only recently that some ABC transporters have been shown to be 
involved in drug resistance (Table 3). The present invention provides for the first time a tool which will allow to unravel 
the function of thus far unknown ABC transporters in the development multi-drug resistance. 

[0018] The method allows the simultaneous quantification of all ABC transporters in the same sample, treated in the 
same manner. The method is also well suited to obtain a reliable diagnosis of the multi-drug resistance phenotype 
based on the expression of a few well characterized genes. The method is also suitable to analyze the function of 
unkown ABC transporters in correlation with the multi-drug resistance phenotype. It Is also of primarily interest to 
correlate the expression pattern of the ABC transporters with clinicaJ data. 
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Definitions 



[0019] In the context of the present application and invention the following definitions apply : 

The term "expressed genes" shall designate the parts of the genomic DNA which are transcribed into mRNA and 
then translated into a peptides or proteins. The measurement of the expressed genes is performed on either 
molecules within this process most currently the detection of the mRNA or of the peptide or protein. The detection 
can also be based on the specific property of the protein being for example its enzymatic activity. 

[0020] The terms "nucleic acid, array, probe, target nucleic acid, bind substantially, hybridizing specifically to, back- 
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Ellis as; "T^r " "1 ln as DNA or RNA « — 

ffiyml „. „ uracll may be e mp ,o ye d. Such modified ij .^ZCSSSST 5^ 

[0024] P Tho terms "nudeSe speSs"? ^SSSSTT° M Peptide NuC,eic Ac ' d ( p ^>- 

by base pairing hybridization n "^ detection of a 9«™ U»nc. 

interfere with the quantification of the specific tarqet Tvoicallv canturo nT ° s,an,f,cant or as >°w so as not to 
synthesized chemically and having side P»d^^Sta^K^y^r , ^^ n ^*^^ 
that some low amount of related sequences are ^2 El * synthesis is not obtained at 100% so 

synthesized by enzymatJc ampJfS^ Also polynucleotides sequences 

low level that it does not interfere with the capture probe^k o JESSES ? ^ bUl in 96nera ' * SUch a 
characteristic of a nucleotides species for the invention to TxtS^Z?^ ^T* * the tar96t ^ essential 
sequence belonging to a given gene ° Vera " Species 03,1 be used f or capture of a given 

Eefe 2 ^ 

sequence of said genes. Polynucleotides ioh^oS2S2^S!S °i nnT * P3rt ° f nUdeot,de 
underparticular conditions. Such hybridizableoolvm.^nt 1*^ t ?■ 9 be '° W 100 bases wnicn can be used 
at the nucleotide level to said genes^^^ 

or 95% or more nucleotide sequence idertttvto said In! nt %ZL se ^^ 'Entity or mor 9 preferably about 90% 
15-30 base long or .onger ones being S^sT^SToTo^Z ^T^ °' 9 " ,er ^ ^^"ces typically 
[0026] . The term »bind(s) substantial^Tefe^o ^^^SS^ST^ °° 8 °° ,0n9 " 
target nucleic acid and embraces minor mism^tchesTa^an^ !^ „ tWee " 3 probe nucleic acid an ° a 

Ksrs sr. ,o ach,eve the des,re < f^&^sz^Jz^ the strin9ency of the 

"Spe^ a 0-n poiynuceotide 

recombinant proteins h««^^ l S 1 S^^S2^r ^ Part ° f the a " tib ° d -. or 
to specif ically recognized the peptide can also be used a^ cS probes ' " "™ ^ ab,e 

array (e. g. the poVnucleotide probes, control pmbefthe a^rav SI C f dSar l dcom P onenteoftb « Polynucleotide 
produced by intrinsic fluorescence of the WcSS^ii^^^' ^2' Back9round sianate -"ay also be 
for the entire array, or a different backgZd^gnal maj si 9 na » c an be calcu.ated 
embo. r 

f^o^rraVa^ 

present in a complex mixture (e. g.. total celSa? ^ lor RN/ SLrf^ . « 9601 C ° nditi ° nS W " 6n 1,131 seQUenca '« 
which is specificfor a given gene'o pro etn Tc^^^^S^S^ a " d < ua «on means a detection 
even better below 0,1 % anamination or cross-reaction being below 5% and better below 1 % and 

a. de,ai,ed ,„ WO ^so^lch JK^«^!!£S!.C5 "Xe*™ kn0 ™' *° '"^ °' 5 '"" *» 8 "' 
[0031 ] The term "capture probes" in the sense of the present invention H 0 ei„„ ♦ 

different length, e.g. between 10 and 1500 nucleotides ^tSh Z^l^ designate genes or parts of genes of 

of the support or laid down thereon. Moreo^ h SitU 0n the 

antibodies directed to particuiar po.ypept.de, ^™ t^Z^^ 
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support. 

[0032] The term 'homology is intended to mean the degree of identity of one polynucleotide to another polynucle- 
otide. According to the invention the term homology is used in connection with complementarity between polynucle- 
otides within a family. There may be complete homology (i. e. 100% identity) between two or more polynucleotides 
The degree of homology may be detemnined by any method well known for a person skilled In the art 
[0033] The term "sample" or "biological sample" includes within its meaning organisms, organs, tissues cells derived 
from a patient or biological material produced by a cell culture. The biological sample may be living or dead and includes 
sample material directly exposed to the active substance, but also the progeny of the sample material, such as cells 
tissues organs, that has been exposed to the active substance. The sample may correspond to one or more cells from 
the organisms, in case the organism is a multicellular organism, the sample may correspond to one or more cells from 
one or more tissues creating the multicellular organism. The biological sample to be used according to the invention 
may be derived from particular organs or tissues of the multicellular organism, or from isolated cells obtained from a 
single or multicellular organism. In obtaining the RNA's to be analyzed from the biological sample from which it is 
derived, the biological sample may be subject to a number of different processing steps. Such steps might include 
tissue homogen.zat.on. cell isolation and cytoplasma extraction, nucleic acid extraction and the like and such process- 
ing steps are generally well known for a person skilled in the art. Methods of isolating RNA from cells tissues orqans 
or whole organisms are known to those skilled in the art and are described in e. g. Sambrook et al., Molecular Clonino • 
A Laboratory Manual. Cold Spring Harbor Press (1989). The biological sample may be of the same kind i e the 
biological sample is of the same kind of origin, such as coming from the same type of tissue, the same organism or 
the same type of organism or the same cell type etc. 

[0034] The term "tissue" shall mean a collection of differentiated cells such as adrenal gland, totalbrain liver heart 
kidney, lung, pancreas, mammary gland, placenta, prostate, salivary gland, skeletal muscle, small intestine spleen' 
stomach, testis, thymus, trachea, and uterus. v Bn ' 

[0035] The term "target polynucleotide" is intended to mean a polynucleotide present in the biological material of 
™fJ^'J Z I 9 Polynucleotide encodes a polypeptide, which is at least a part of a amine receptor. If the target 
polynucleotide has a complementary polynucleotide present on the array, it will hybridize thereto and thus give rise to 

Svhn?Joh he TV"T^ I esistance " denotes the occurrence of transport protein mediated cell efflux in a cell. 
S^irZT f m * * transports a variet V of substances to the outside of the cell membrane, such transport 
s particularly problematic ,n tumor cells, where it interferes with therapeutic treatment of cancer due to the active 

2° rt ° f 3 Wid ? variet y °* oXox,c and c V ,os,atic agents of significantly different structure to the exterior of the cell 
membrane. Such tumor cells are called "multi-drug resistant" cells 

? S K erm T ' V ! SUbs | an f is ,ntended to m6an a "V age'™ °r substance which has an Impact on biological 
systems-,- such as cells. Examples for such agents or substances are chemotherapeutfca. 

Brief description of the drawings and tables 

[0038] 

Fig^ 1 shows the micro-array design (including the gene list) for monitoring gene expression of 42 different trans- 
porters by single analysis of the data present on the array pattern. 

^^SS^ 8 """ 65 ' WWCh Ski " ed Pe,50n ^ de " V6fr -^://www. q ene.u C ,.ac.uk/nomen- 
Table 2 lists the ABC gene families in some characterized eukaryotes. 

m a hib!tors PreSentS 9SneS knOW " t0 ^ inV0 ' Ved deve,0Dment of Dnj g Resistance, substrates and 

Table 4 provides results obtained according to the method described in the invention for the determination of 

STTSrVXSS AB rrT?° c T S dm 9- resistant sublines va ^* drug-sensitive parental cell line (exam- 
ple 1 CCRF-ADR5000 vs CCRF-CEM; example 2 : HL60A/R vs HL60 sens; examples : MCF7-CH1 000 vs MCF7 
p3rsniQi^. 

IZlLf^Z SS? 0btai 1 ed aCC 2 rdin9 1 ° the meth0d deSCribed in invention for determination of basal 
expression of the ABC transporters in drug-sensitive leukemia cell lines (CCRF-CEM; HL60 sens; MCF7 paren- 
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DETAILED DESCRIPTION OF THE INVENTION 



[0039] The resistance to chemotherapy is multi-factorial and ma„ 

including the ABC transporters. V be med ' ated b * different mechanisms 

[0040] So far, only the expression of a few highly activated and over-exoressed art tr=„^ ~ 
monitored, which is not sufficient to reliably determine MDR and as a resuE Z S,i . T P ^ " aS been 
ment. ' result of th,s to se,e ct an adapted cancertreat- 

[0041] The invention proposes a new method for the determination of th«, . * , 

substance, such as a drug. The method is characterized by 3mLZious ZTZt * ^ ** * 3 

of said cells on a microarray which contains on specific locations Zeor capture L S7 '° n Pattem 

or quantification of at least 5 ABC transporters. P P S s P ecificf °rthe detection and/ 

[0042] Thus, in case at least 5 ABC transporter gene exhibit an increa^Ht^no • ♦• , ' 
[0043] Due to the publication of the human genome essentials all n i th« Z aenve a- 

known and publicly available, e.g. from public databases Tuc^e l2£l!2TT £ ^ AB ° 99065 3re 
(NCB.) orthe LocusLink web site (http:/Avww.ncbi n, m nl °g biotechnology information 

[0044] The web site (http://www. g ene. ucl.ac.uk/nome n clatnr./n 0 n 0 f^ i !;. , abc htmh of . . q q „. , , 
ture for human ABC transporter genes, al iases, subfamilies, chromosometcatfon an J I ZZt n °-™ncla- 
species many ABC transporter sequences are known and infnrZri™ !♦ 1 . and sec l uence accessions. For other 
quences. a skilled person' may design appropri^pTu^ *™ tnese se- 

sequences. specific detection of the gene nucleotide 

[0045] Specific examples for different ABC transporters to be detected and anaiwoH in » • , 

in Table 1 and a preferred array/composition of the tool J^in^S. ^ ' ngle 3SSay are P^^ed 

sequently. according to a prefeLd emboTment the ABC ^S^TST" 11 Sh ° Wn in ,i9ure 1 • C °» 

fooir;; 0 - at ,east 20 at ieast 39 and 5S£^ on the micro - array ,s ■* ,east 

[0046] The present method and tool allows the snprifin riatormmotj^ , , u 

least 5 of the various ABC genes, as SSSStSSL 1 ^-f 0 " ?5? ^ ^ * at 

5-45 genes for mouse. 5-39 genes for at 5-56 aenes for ^SmLnhliL I « " Tn,s / e P resents 5 "49 genes for human, 
yeast as exemp.ified by the list provided fcSSS 5 SSKST" 96068 C " 6,69305 and 531 9enes for 
[0047] According to an embodiment of the invention the variation* n f th=,,,,~ 

in order to be relevant for interpretation : 06 9606 ex P ression the following criteria 

=== 

2) They are expressed in cells at levels detectable by the D NA micro-arrav Th« nr.,^ i « . 

means of providing micro-array with a direct detection of 39 iS^^Z^^^^^ 6 
sensitive potassium channels (figure 1 ) with cDNA nrenar^ f m ™ =Ti ?' cat,on,c transporter and 2 ATP- 

3) Variations of mRNA amount fs parcel to vXS7tT^ * of tote » ™A. 

amount of mRNA at a gfcen moment pr0tein and ^ expression. The 

This amount is also influenced by gene defetbns ^a^LZT^ T^ tranScri P« on and degradation. 

subfamilies In aw^nt s^^ft.* "?! .flS 2LS^°» paB,eu ' a ">' us6 "" «■ » *>■>' *>' Zoning »,. 
the eubtemBes expression In Je^ple „rT„X Useee " T ' V a " eC " S ' "™ S P°"* '« of 

[0050] In Principle, the micro-array may contain as few as 5 cantnm nrnhoo i« 

each of 5 different subfamilies of ABC transport"? Z t^e nlhlr ^ I ! CaptUrS pr ° be associ «ed with 
selected according to the need of the ski fed ^eSln and ill T PtUre pr ° bes ° n the mi =~-anay may be 
3000 different genes, e.g. Z^X^w^^^ZF". *° d6teCti ° n ° f ^ to 

ABC genes or other genes ' ° f 2 °°° d ' fferent 9enes bein 9 either <»her subfamilies of 
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[0051 ] Beside the ABC transporters, the micro-arrays may also contain capture probes derived from other transport 
genes, l.ke KM.1 and K,r6.2 that form channels with ABCC8 and ABCC9. Also, controls required for a quantification 
of the genes may be present. These include negative and positive controls, internal standards and house keeoina 
genes. Exemplary results obtained with such a tool for the determination of the differentially expressed human ABC 

were obtained on human cell lines 

since the capture probes present on the array were specific of human genes. Similar array may be constructed for 
other species .nclud.ng mouse, rat, drosophila, C. elegans and yeast with some adaptation in the sequence of the 
capture probes. M c 

[0052] The capture probes may be any nucleotide which hybridize under given conditions to the probe molecule In 
general the capture probes may be of from about 1 5 to about 1 000 nucleotides in length, preferably of from abouMS 
to about 400, or 15 to 200 nucleotides, or more preferred of from about 15 to about 100, or from 15 to 50 or from 15 

™L mT T ,T? SUPP ° rt b6ing Sny SO ' id S " PP ° rt aS long as th0 y are ^ t0 hvbndi2e with their corresponding 
cDNA and be .dentthed and quantified. The density of the capture nucleotide sequences bound to the surface of the 
solid support is preferably above to 3 fmoles per cm* of solid support surface 

IhoARO ' n 3 Preferr6d emb0d ' ment of the mention, the low density micro-arrays allow the detection of changes in 
the ABC gene expression level occurring In cells with a significant change being observed when the qene exoressbn 

to a refetnce 8 * * ^ " ^ ' ^ ***** ^ ^ ™ P"**** ^TtZTJS^Z 

[0054] Quantitative analysis of the gene expression is a requirement for the determination of the aene e*nrp«i«n 
oTfheABCt 6 ABC r nSP ° rtere f ° r thS de,erm -ati°n of the resistance of the cells t^o^S^S 
th» » ABC h trans P° rter « 9 enes in ™* of the cells are expressed at a basal level, as exemplified in tSte 5 Therefore 
the assay has to be sufficiently sensitive and reliable to detect low significant chanaes in the «n™^«f t'hl ' 
(low gene induction or repression) since it will influence the resistant 

decrease of gene expression compared has to be analyzed in a quantitative wav on all aene , to L hEL! * 1 ? .u 
array in order to be able to draw significant conclusion on the r^^^^^^J!^^ °" 
drugs. The quantification of the resuits on the gene expression in the ^5,^1^2^^^ 
being erthera reference material (e.g. cellular material that has not been exposed to the active SubsTnce? 1 ^ZlZl 
array or a computation of data obtained on arrays which allows the compaLn ^nS^^S^'^^S^ 
nanon of significant changes in gene expression in the analyzed sample P t6mi ' 

[0055] In a particular embodiment, the gene expression of the gene of interest for this invention is related to the 
presence of other genes present in the sample which are chosen as reference genes. Such genes Tre tvSv house 
keeping genes. They allow comparison of the quantification of a given aene in a sarlnta ^J™^ typ ^ a,ly house 
and the detection of a potential Increase of the /expression " ' * SamP ' e 

[0056] The final Information requirement for the patient from which the cells are analyzed is to know If the cells are 
res stent to a particular drug and/or which are the drugs the cells will be sensitive to. For his pumoTtne taSSS 
on the expression of many ABC transporters have to be obtained on a quantitative basis knowledge 
[00571 The nucleic acid to be assayed/investigated is either RNA from cells of interest or cDNA obtained therefrom 
the 'atter of which is easier to handle. The cDNA may be obtained by retro-transcription t on i totmNA or mRNA To 
this end, total RNA is extracted from tissue in an amount of about 0.1 to 100 ug preferably about o I Vo £n T ° 
preferably about 0.1. to 20 «, even more preferabiy about 0.1 to 10 ug. or I^^^S b^S^ 
and 2 M and Is d.rectly used for hybridation on the array. mRNA may also be processed^ s^e wat w^'l 
much lower amount to be used for the copying into cDNA. m me same way with a 

[0058] When RNA is amplified by means of a T7 polymerase based method, PCR, rolling circle or other methods 
de ect,on ,s poss.ble even at a concentration lower than 0.1 ug of total RNA or mRNA depending o the^ ZSSSZi 
obtained being usually ,n the order of a few hundreds for the T7 polymerase and much hioher for m« Pr £ rT 
circle amplifications. In extreme cases, the investigation of a single cel. or a 

laser dissection methods is feasible. In amplification methods, however, different generarfaiiDlifie^ wrtn^t^ 
efficiencies and corrections may have to be provided. ampl.fied with different 

[0059] According to another preferred embodiment, the original nucleotide sequences to bp to^H =„w/ . „ 
quantified are RNA sequences copied by the retro-transcriotion of the a- or ? 1„J i » h , nd/ ° r t0 06 

example, nick translation or end-labeling by attachment of a nucleic acid linker joining STS£l?S!U2^t^ 
™!« 3 r? alte T t,Ve embodiment . also th * capture probes attached to the support may be labeled 
[0061 ] Detectable labels suitable for use in the present invention include any composition k, 
scopic, photochemica., biochemical, immunochemical, eiectrical. optica. VSSS^ ^ iZ^Z 
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to 



present invention include biotin for staining with labeled streptavidin conjugate, magnetic beads (e.g., Dynabeads™) 
fluorescent dyes (e.g.. cyanine dyes, such as Cy5, fluorescein, texas red. rhodamine. green fluorescent protein and 
the like), radiolabete (e.g.. -I. *S, "C. or^P). enzymes (e.g.. horse radish peroxidase, al^p^sp^ase 
and o hers commonly used in an ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic (e 
g polystyrene, polypropylene, latex, etc.) beads. Patents teaching the use of such labels include U S Patent Nos' 
3.817,837; 3,850,752; 3.939.350; 3.996.345; 4.277,437; 4.275,149; and 4.366 241 

[0062] Also, variants of the genes may specifically be detected and quantified on the array. In some tissues, multiple 
mRNAs are transcnbed from the same gene. These variants often exhibit more or less overlapping sequences Se- 
lection of the capture probes has to be specific for such marker, when all variants do not have the same potential 
importance as diagnostic, prognostic, or predictive indicator, or when it is recommended to detect only some specific 



S!S t Trans P° rt * ubfamilies a J* sometimes closely related so that the corresponding capture probes may be de- 
s.gned to enable d.fferent.at,on between these closely related subfamilies or to recognize several subfamilies For 
example a capture probe may be designed common for subfamilies ABCA2/ABC A3 ABCB1/ABCB4 ABCBS/ARPRm 

^ C6/A h BCc r h ! ce ^ Kir V Kir 62 and givin9 an overa " analysis of these i«S2J£^t3S?S^ 

distinguishing between the other subfamilies may be designed, which are e.g. shown in figure 1 ' 
[0064] The target nucleic acid is contacted with the micro-array under conditions allowing hybridization of comple- 
mentary strands onhy. Hybridization processes and conditions are well known in the art and are described e g !n Sam- 

20 Hamor NX * Ut0m ° V *" Ed ' C °' d Sp "^ Harbor Labora t°<V P^ess. Cold ' Spring 

E m !i!5 e h hybridi f!° n StSP bS performed ^ der a cover Slass in hybridization chambers or in a hybridi- 
zation oven which essentially represent a diffusion limited process. Alternatively, the reaction may be carried out wrth 

rS21J^ ^ U h iredh V bridi ^on time. When using hybridization involving ZementX micro 
array, the hybrid.zat.on time may be reduced to a period of 60 minutes or less, preferably to 30 minutes or less As a 
25 result, the total assay can be performed in less than 4, more preferably 3 5 hours 

E2 teL ST ridiZati r Wfth tar9et nucleotldes ° fthe biol °9lcal sample the spot intensity is read according to 
he label utilized e.g. ,n fluorescence or colorimetry. The quantification of the genes may be performed by standa d 

™ST?' e g< by com P arison with intema ' standards introduced in the retro-transcription of mR^A 
30 E2!2L " f 86 T B tarQet " UC ! eiC add haS been labeled prlor t0 c °ntecting it with the micro-array, the signal and/or 

■£ 1 3 T f ° r det6rminin 9 the activati °" of « P^ular ABC transporter or a change hereof 
[0068] The support as such may be made from any material conventionally used for this purpose and is preferablv 
selected from the group consisting of glasses, electronic devices, silicon supports, silica metal or mixtures theS 
prepared in format selected from the group of slides, discs, gel layers and/or beads 

33 S°?! 91 • *?T fr ° m C0,lect,n9 lnforma «°n about the resistance condition of a cell collected from a patient subjected to 
* a chemica therapy e.g. antibiotics or chemotherapy, the present method also allows to give informal on "aK the 
potential of new active substances to provoke the development of resistance in a cel.. Therefore, poten tialnTw druqs 
may be screened to determine, if the application of the drug alters the expression of the genes refemed to herefn 
Expression being induction or repression of gene content of the cel.. the most important be?ng the ind^n of gene 
associated with the resistance mechanism. n °* gene 

4o [0070] This may be useful, for example, in determining whether a particular drug is effective in treating a multidruo 
resistance patient. In the case where a gene expression of the patient cells is not affected by the pe^ CSX 
hat its level o expression is normal or stays normal for a long period of time, the drug is indicated in the patient 
treatment Similarly, a drug which causes over-expression of a multi-drug resistant transporter gene, may be Ln Jain 
dicated in *e treatment of the disease. Cells are incubated with the drug for some periods of Le being a few hou* 
nn^ era i day t an , d . ^ Pattem ° f 9ene expressi °" is determined according to the present invention 
22 J5 6 ° I* 3 9Sne expression ana| y sis -"ay be performed on the present micro-array by contacting the nu- 

fncLh^H T Ce " S ,°: tiSSUSS th3t h3d bBen SUbjeCt t0 3 P articu,ar environmental sLaLn e^g had b een 
incubated in the presence of (potential) drugs. Then, the data about the expression of the genes investigated are 

so mention eXPreSS ''° n Pr ° f '' ,e **" ^ "* " tiSSU6S that had n0t been sut ** ted " a ^o^Tn'lZ 
[0072] Based on the array identification of gene expression, the effect of the drug or chemical may then be evaluated 
or meir poten ia. activity. Therefore, the present invention also comprises a method for using the present mbro anav 
In the diagnos ,c of mufti-drug resistance in the analysed cell, selection of a drug active against the aTtaed ceZa 

55 t7a°nsporte 9 r ge'es. * ** f ° rChem ° thera Py Wnich are eclated with the over 3 expression o£SS ABC 

[0073] Assays to monitor the expression of a marker or markers, as e.g. defined in table 1 may utilize any available 
means of momtonng for changes in the expression level of the nucleic adds of the invention. As used herein an a^Je 
substance ,s said to modulate the expression of a nucleic acid of the invention. If it is capable of up-or down reguta^ ng 
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expression of the nucleic acid in a cell. 

[0074] Substances that are assayed for in the above methods may be selected randomly or rationally or may be also 
designed. As used herein, a substance is said to be randomly selected when the substance is chosen random V without 
considenng the specific sequences involved in the association of the protein of the invention alone or with its associated 
substrates, binding partners, etc. An example of randomly selected substances is the use a chemical library or a peptide 
combinatorial library, or a growth broth of an organism. 

[0075] The genes for the 5 ABC transporters identified as being differentially expressed in cells of interest may be 
used in a variety of nucleic acid detection assays fo detect or quantify the expression level of a gene or multiple genes 
in a given sample. For example, traditional Northern blotting, nuclease protection. RT-PCR and differential disolav 
methods may be used for detecting gene expression levels. 

[0076] The protein products of the genes identified herein can also be assayed to determine the amount of expres- 
sion. Methods for assaying for a protein include Western blot, immunoprecipitation, radioimmunoassay and protein 
chips. Protein chips are supports bearing as capture probes antibodies or related proteins specific of the different 
proteins or peptides to be analyzed. Antibodies are either on the same support as a protein array or are on different 

^«1h " S J! f J/ 6 T b f dS beinQ SPSClflC f ° r tHe deteCti ° n ° f Pr ° teins ' ,l jS pr6f erred ' however . that the mRNA be 
assayed as an indication of expression. 

[00771 Any hybridization assay format may be used, including solution-based and solid support-based assay formats 
A preferred solid support is a low density array also known as a DMA chip or a gene chip In one assay formate 

Pr ° beS l ° at le8St 5 ABC trans P° rter subfamilies as e.g. listed in table 1 may be used to directly mon tor 
or detect changes ,n gene expression in cells or the treated cell as described herein. Assays of the InvertlTmav 

IT* TT£ l6Vel ° f ab ° Ut 1 4 " 50, 1 ° 0, 400 ' 1 000 ° r even 3000 9 enes with s °™ * al dertedTom tebleT 
[0078] Accordmg to the present invention the number of genes to be detected may be limited since thisTows to 

better focus on genes useful for the characterization multi-drug resistance and to give a more raS fan precfeTre 

sponse to the questions of the prognostic, diagnostic and therapeutic follow up of the patients ^tZn^umZ 

of genes to be analyzed and treated for data mining, the less efficient the correlation and the outcome of he aZsI 

[0079] in another assay format, cells orce.l iines are first identified, which express one or more ofThe gene preSs 

mentioned here.n physiologically. Cells and/or cell lines thus identified will comprise the necessaiv ce^ar m«rhin^ 

to ensure that the transcriptional and/or translationa. apparatus mimics the response SZS^SSlSSJSS 

the presence of a chemical substance. Such machinery would likely include appropriate surfac ftransdu2on m~hl 

Z^ZT Ci T°' iC faCt ° rS ' t00 ' 88 Pr ° Vided by ,hiS inVent '°" is then a^^SSL^SK and the 
condition ^ " r6SearCh t00 ' inVeSti 9 atin 9 tne rale <* *° ^ent ABC transporters in the testiieVpe« 

fTpe^ ,0 3 «■ ^ mean, and media 

Eatiln t^Z em t t° diment ' *' : Vention further envisa 9 es «™P«er systems comprising a database containing 
information ident fy.ng the expression level in the tested cell or tissue of at least 5 genes associated with dm^ransDort 
as listed in table 1 and a user interface to view the information. The database may further include seoTnSn^ 

links to externa databases, such as GeneBank. The present invention includes relational databases conteS^ 
quence information for ^stance for one or more of the genes of table 1 . as well as gene expression WoZJion tn 
various tissue samples. Databases may also contain information associated with a given sequence or CuTSSid a 
such as descnpwe information about the gene associated with the sequence information, descriptive informatioZn 

The database may be des.gned to include different parts, for instance a sequence database and Hen "«P™££ 

Ssl S 727 TdZ COn I i9Urati0n and Const ™«°" * -«* ^ases are widely available for ins^Tfrom 
US-5.953.727. which document is incorporated herein by reference by way of reference om 
[0082] The following examples illustrate the invention without limiting it thereto. 

Example 1 : 

sslse ,s«r b 0811 ccrf - adr6oo ° «-•» cc «™ lom***** »„„. 

1 ■ Leukemic Cell Lines: 



[0085] ABGC1 -overexposing HL60/AR cell line and parental promyelocyte HL60 drug-sensitive cells (ABCC1 - 



rieg- 



9 



EP 1 550 731 A1 

ative) were obtained from Dr. Sauerbrey (Jena, Germany), and seed in RPMI 1640 medium supplemented with 10 % 
fetal calf serum and 1 00 mM daunorubicin for HL60/AR. Control cell were seed followed the same schedule of medium 
changes without daunorubicin. ««>»mwium 

[0086] Human T-lymphoblastoid leukemic ABCB1 -expressing CCRF-ADR5000 cells selected by Adriamycin and 
5 parenta. CCRF-CEM cell line (ABCB1 -negative) were purchased from Dr Efferth (Heidelberg, Germany) ThosL ceMs 
were seed in RPM. 1640 medium with 10 % fetal calf serum. ABCG2-overexpressing MCF7/CH1000 ceOne a^d 
parental human breast carcinoma MCF7 cell line (ABCG2-negative) were kindly provided by Dr Steinbach (Jena, Ger- 

III CI I I jm J » 

*° 2. RNA extraction: 

[0087] Poly (A) + RNA was isolated from cell lines using the FastTreck 2.0 mRNA isolation Kit (Invitrogen) accordina 
to manufactures protocol for isolating mRNA starting from 4x1 0? cells. To assess the integrity and relative contamination 
of mRNA with nbosomal RNA, analysis on bioanalyser (Agilent) were carried out roam.nat.on 

15 K , 2«T *"? PUrity ° f ^ determined b V dilutin 9 a " aliquot of the preparation in TE (1 OmM 

Lh ; I, } measurin 9 < readin 9> its absorbance (in a spectrophotometer) at260 nM and 280 nm 

Whde A260 allows to eva.uate the RNA concentration, the A260/A280 ratio gives an indication of RNA purity For a 
RNA to be used, its ratio must be comprised between 1.8 and 2. 

20 3. cDNA synthesis: 

I0 °wf 1 , \ ° f POly(A+) RNA Samp ' e (0 5 WW was mixed with 2 V* oligo(dT)12-1 8 (0.5 ug/iil Roche) 3 5 u| H20 
and 2 p. of a solution of 6 different synthetic well-defined poly(A + ) RNAs. These latter served as ^ inte^UtaXdl to 

2S AftJr In", qU3 h nt f ati °" and 6StimaUo " ° f experimental variation introduced during the JSZ^^TS^ 
After an incubation of 1 0 minutes at 70°C and 5 minutes on ice. 9 pi of reaction mix were added Reaction mix consSfd 

u. of* rovHM™ ranSCnP ^ n KKf* (GibC ° BRL) ' 1 # RNAsln ^nuclease Inhibitor (40 U/ml. Promega) and 2 
(800 pM NEnI m ' X ' m dnP ' dGTP <5 mM eaCh " R ° Che) ' dCTP (8 °° R0Che) ' and Bi °«n 1 1 -^CTP 

[0090] After 5 minutes at room temperature, 1 .5 pi Superscript II (200 U/ml, Gibco BRL) was added and incubation 
» was performed at 42°C for 90 minutes. Addition of Superscript and incubation were repeated once Th^ m ESS was 

3 min^H ^ 7°r ** * "* ' * "■»"«*»•• H <2UM> was added for 20 ^uZ ^c TZZ l 

3-m.nutes denaturat.on step was performed at 95°C. The biotinylated cDNA, was kept at -20°C. 

4. Hybridization with blotlnylated cDNA: 

35 

[0091 ] The array used In this study is composed of 42 transporter genes (including 39 ABC transporters 1 cationic 

%Z2Tn ( 7^ 2 fZ' S6nSitiVe P ° taSSiUm Channe,S (Kir61 • Kir6 2 > and 8 ^epin^ Ta dt it 
sented in f.gure 1 . Several different controls inc.uding positive and negative detection control posLe and negative 

hybridization control, six different interna, standards are a., dispersed at different locations among Te genes to be 

«> analyzed on the micro-array. In this example each spots was covered with a capture probe belnq a oXucl rtSL 

[0092] Hybridization chambers were from Biozym (Landgraaf. The Netherlands). Hybridization mixture consisted in 
b,otiny.ated cDNA (the tota. amount of labe.ed cDNA), 6.5 p. HybriBuffer A (Eppendorf, Hamtoum^enSny 26 u. 

4S ro0931 Hvbridfr ° rf ' ^r 9, Gemiany)> 8 111 H2 °- and 2 ^ ° f poSitlva ' hybHdtadon control ^ 

[0093] Hybndization was earned out overnight at 60»C. The micro-arrays were then washed 4 times for 2 mln with 
washing buffer (B1 0.1X + Tween 0.1 %) (Eppendorf. Hamburg. Germany) W ' th 

E2?i . T "*! r °" array = W8re tha " incubated for 45 minutes at ro °™ temperature with the Cy3-conjugated IgG Anti 
rZn~ZZ^ Lab ° rat0rieS - #20 °- 162 - 096) di ' Uted 1/1000 X ConiuSe-Cyi S the b^g 

50 S m ^^ — O 1 0,X + Tween 0, % ) 



55 



5. Scanning and data analysis: 



EUSi ""7 J h y bridi !. ed micra-arrays were scanned using a laser confocal scanner "ScanArray- (Packard USA) at a 

Sfer 1°I iSK a°eZr 2 ran9e ° f ~ ay Same ^ were - dmerent phim 

ultipher tube (PMT) settings. After image acquisition, the scanned 16-bit images were imported to the S oL=~ 

•lmaGen.e4.0- (BioDiscovery, Los Ange.es. CA, USA), which was used to quant^ the ..BnSK^^iHSS 
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and determination of significantly expressed gene in the test compared to the reference arrays was performed according 
to the method described by Delongueville et at (Biochem Pharmacol. 64(1 ) (2002), 1 37-49). Briefly, the spots intensities 
were first corrected for the local background and than the ratio between the test and the reference arrays were calcu- 
lated. To account variation in the different experimental steps, the data obtained from different hybridizations were 
normalized in two ways. First the values are corrected using a factor calculated from the intensity ratios of the internal 
standard reference and the test sample. The presence of 6 internal standard probes at different locations on the micro- 
array allows measurement of a local background and evaluation of the micro-array homogeneity, which is going to be 
considered in the normalization (Schuchhardt et al., Nucleic Acids Res. 28 (2000), E47). However, the internal standard 
control does not account for the quality of the mRNA samples, therefore a second step of normalization was performed 
based on the expression levels of housekeeping genes. This process involves calculating the average intensity for a 
set. of housekeeping genes, the expression of which is not expected to vary significantly. The variance of the normalized 
set of housekeeping genes is used to generate an estimate of expected variance, leading to a predicted confidence 
interval for testing the significance of the ratios obtained (Chen et al, J. Biomed. Optics 2 1 997, 364-74). Ratios outside 
the 95% confidence interval were determined to be significantly changed by the treatment. 

[0097] The reliability and the reproducibility of the assay is assessed by repeating the experiments three times for 
each cell line (n=3). The fluorescence intensity ratios for the test versus the reference are presented in table 4. The 
results are presented as the mean of the ratios and the standard deviation of three different experiments. The results 
are significant changes in gene expression between the two samples. CCRF-CEM is considered as the reference and 
CCRF-ADR5000 as the test. A clear overexpression of the ABCB1 gene in the resistant cell line as compared to the 
2° reference could be observed. 

Example 2: 

[0098] Gene expression in leukemic cell lines HL60 A/R versus HL60 Sens (Drug-resistant subline versus drua- 
25 sensitive parental cell line). y 

[0099] HL60 A/R is considered as the test and HL60 Sens as the reference. The experiment was performed as 
• described in the example 1 . The 4 steps were RNA extraction, cDNA synthesis, hybridization on the array and the 
quantification and analysis of the results. The results are presented as the mean of the ratios and the standard deviation 
of three different experiments. The data are presented in the table 4 as ratio of test versus reference. An over-expression 
of the ABCC1 gene in the resistant cell line as compared to the reference could be observed. 



15 



30 



Example 3: 

[0100] Gene expression In leukemic cell lines MCF7-CH1 000 versus MCF7 parental (Drug- resistant subline versus 
35 drug-sensitive parental cell line). 

[01 01 ] MC F7-CH1 000 is considered as the test and MCF7 parental as the reference. The experiment was performed 
as described in the example 1 . The results are presented as the mean of the ratios and the standard deviation of three 
different experiments. The data are presented in the table 4 as ratio of test versus reference. An over-expression of 
the ABCG2 gene in the resistant cell line as compared to the reference could be observed 

40 

Example 4: 

[0102] Basal gene expression of ABC genes in sensitive leukemic cell lines CCRF-CEM, HL60 Sens and MCF7 
parental. 

[0103] Data are those of example 1 , 2 and 3. The data are presented In the table 5 as the absolute values for the 
sensitive cell lines as reported to the housekeeping genes value fixed at 100%. In the CCRF-CEM and HL60 Sens cell 
lines, the values are compared to the housekeeping gene HPRT and in the MCF7 parental they are compared to the 
housekeeping gene aiphatubulin. The data are processed as follows. The spots intensities are first corrected for the 
local background and the average values of the spots replicates are calcufated for each experiment. The values ob- 
tained are reported to the mean value of the considered housekeeping gene in the three experiments and multiplied 
by 1 00. Finally, the mean values of the three experiments are calculated and reported in Table 5. 
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Table l Human ABC transporter families 

http://www.gene.ucl.ac.uk/nomenclature/genefamIly/abc.htmL 



Pamir 
ABC A 



ABC B 



ABCC 



Memb ers 

ABC Al 
ABC A2 
ABC A3 
ABC A4 
ABC AS* 
ABC A6 
ABC A7 
ABC A8 
ABC A9 
ABC A10 
ABC A12 
ABC A13 



ABC Bl 
ABC B2 
ABC B3 
ABCB4 
ABC B5 
ABC B6 
ABC B7 
ABC B8 * 
ABC B9 
ABC BIO 
ABC Bll 



ABC CI 
ABCC2 
ABCC3 
ABCC4 
ABC C5 
ABCC6 
ABC C7 
ABCC8 
ABC C9 
ABC CIO 
ABC CU 
ABC C12 
ABC C13 

ABC Dl 
ABC 02 
ABC D3 
A8C D4 



ABC G 



ABC 61 
ABC 62 
A B C 64 
ABC 65 
ABC 68 



Gene bank # 

NM_005502 
NM_001606 
NM_001089 
NMJ300350 

NMJ318672 
NM_080284 
NM_033308 
NM_007168 
NM_080283 
NM_080282 
NM.015657 
NM_1 52701 

NM_000927 
NM_000593 
NM_000544 
NM_000443 
NM_1 78559 
NM_005689 
NM_004299 
NM^007188- 
NM_019624 
NM_012089 
NM 003742 . 



1 ABC E 


[ABCEi 1 




ABC F 

* 


ABC Fl [ 
ABC F2 1 
ABC F3 I 



NM_004996 

NM_O00392 

NM_003786 

NM_005845 

NM_005688 

NM_00117l 

NM_000492 

NM_000352 

NM_005691 

NMJ)33450 

NM_032583 

NM_033226 

NM^138726 

NM_000033 
NM_005164 
NMJ)02858 
NJ^05050 

NM^002940 



NM_001090 
NMJ)05692 
|NMJtt83S8 

NM_004915 
NM 004827 
NM.022169 
NM_022436 
NM 022437 



Expre ssion 

Ubiquitous 
Brain 
Lung 

Rod photoreceptors 
Muscle, heart, testes 
Liver 

Spleen, thymus 

Ovary 

Heart 

Muscle, heart 

Stomach 

Low in all tissues 

Adrenal, kidney, brain 
Ail cells 
All cells 
Liver 

Ubiquitous 
Mitochondria 
Mitochondria 
Mitochondria 
Heart, brain 
Mitochondria 
Uver 



Lung, testes 
Uver 

Lung, lntestlne / liver 
Prostate 
Ubiquitous 
Kidney, liver 
Exocrine tissues 
Pancreas 
Muscle, heart 
Low in all tissues 
Low in all tissues 
Low In all tissues 



Function 

Cholesterol efflux onto HDL 
Drug resistance 
Surfactant secretion 
N-Retinylidiene-PE efflux 



Drug resistance 
Peptide transport 
Peptide transport 
Phosphatidylcholine transport 

Iron transport 

Fe/S cluster transport 



Bile salt transport 

Drug resistance 
Drug resistance, organic anion efflux 
Drug resistance j 
Drug resistance, nucleoside transpor 
Drug resistance, nucleoside transpor 



Chloride ion channel 
Sulfonylurea receptor 
K(ATP) channel regulation 



related to hematopolesls 



Peroxisomes 
Peroxisomes 
Peroxisomes 
Peroxisomes 


VLCFA transport regulation 


lOvary, testes, spleer^ 


gjlgoadenylate binding protein 


Ubiquitous ' 
Ubiquitous 

Ubiquitous 





Ubiquitous 
Placenta, Intestine 
Uver 

Uver, intestine 
Uver, intestine 



Cholesterol transport? 
Drug resistance, toxin efflux 

Sterol transport 
Sterol transport 



er 

transporter 
s 



Gene s 
Kir 6.1 
Kir 6.2 



Gene bank # 
NM_004982 
NM_000525 



Expression 
Large variety of tissues 
Lame variety of tissues 



Function 
K(ATP) channel regulation 
Kf ATP) channel regulation 

[Chloroquine a qujnjdjng transport 
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Table 4 Significant change in gene expressed in three cells lines (Ratios of Drug-resistant subline versus 
drug-sensitive parental cell line) 



Genes 
Family A 

I ABC A I 
ABC A 2/3 
J ABC A4 
ABCA5 
ABC A6 
ABCA7 
I ABC A8 

Family B 

I ABC B 1/4 
ABC B2 
ABC B3 
ABC B5/10 
ABC B6 
ABC B7 
ABCB8 
ABC B9 
IABCBU 

Family C 
I ABC CI 
ABCC2 
I ABC C3 
j ABC C4 
ABCC5 
ABCC6/8/9 
KIR 6.1/6.2 
ABCC7 
lABCClO 

Family D 
lABCDl 
ABC D2 
ABC D3 
I ABC D4 

Family E 

lABCEl 

Family F 
lABCFl 
ABCF2 
|ABC F3 

Family G 
fABCGl 
ABC G2 

IMPT 



:CRF-ADR5000 vs CCRF-CEKJ HL6Q A/R versus HL60 Sens 



.3.4^.3.41 '- 



2j"8+/~2.t8.v. " 



a 00 (qualitatiS^CT^tj;^ ; 



.2:19^ 0 ; 3T 



' i82.4/^r;oo ?; . ^ ; 
\ v 6.42 4^6: i3: v 

6,79#v|:960. ....... 



1CF7-CH 1 000 vs MCF7 parental 



£V--* * • V* 2.8 1 */^:0 27; r v .-*f, 
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Claims 



1 . A method for the determination of the resistance of celte versus the action of an active substance comprising the 
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steps of: 

(i) providing a sample containing cells exposed or having been exposed to an active substance, 

(ii) analyzing the gene expression pattern of saidcells on a micro-array, containing on specific locations thereon 
s capture probes for the specific detection and quantification of at least 5 ABC transporters, 

wherein a change of the expression of at least 5 ABC transporters by a factor of at least about 1 .5 as compared 
to a reference is indicative of the development and/or existence of resistance of said cells to the substance. 

10 2. The method of claim 1 for the determination of gene expression pattern for at least 5, 10,39 and 49 ABC transporters 
selected from those listed in Table 1 . 

3. The method of claim 1 for the determination of gene expression pattern for at least 5 genes of the ABC transporter 
family having unravelled multi-drug resistance function as provided in Table 1 

15 

4. The method of claims 1 -3 for correlating the resistance of cells from a patient to the chemotherapy by a given drug. 

5. The method of claims 1 -3 for the determination of the resistance of a cell to a drug selected from Table 3. 

6. The method of claims 1 -5 for the determination of the gene expression changes in cells associated with the drua 
resistance of cells incubated in the presence of the drug 

7. The method of claim 6 wherein the cells are derived from a patient and method is designed the determination of 
a potential active drug for the patient treatment. 

8. The method of claims 1-3 for the determination of the activity of a drug against an analysed cell. 

9. The method of claims 1 -3 for the selection of an active drug for patient treatment. 

10. The method of claims 1-3 for monitoring a patient treated with a drug for chemotherapy. 

11 ' III 7S?J* a Z?l? & precedlng clajms ' wherein the micro-array contains at least one gene selected from 
r\iro. i, iwd.2 ana I MPT, 

35 1 2. The method of any of the preceding claims for the screening of ABC transporters in acute myeloid leukemia. 

13. The method of any of the preceding claims for the screening of ABC transporters in acute lymphocytic leukemia. 

14. The method of any of the preceding claims for the screening of ABC transporters in solid tumors. 

15. The method of any of the preceding claims in which the capture probes are single stranded nucleotides 
16 ' gen e meth ° d ^ ^ °* PreCeding ° laimS which 0ne location 9 We the quantification of one ABC transporters 
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17. A kit containing an array with capture probes located at specific locations for the detection and quantification of at 
least 5 ABC transporters of the gene expression of ABC transporter* as provide by one of the preceding claims. 
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J = Positive hybridization control 
= Negative hybridization control 
^ = Negative Detection control 

HouseKeeping gene 
C©= Internal Standard 

© <D m # # = Concentration curve of Positive Detection control 
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